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(57) ABSTRACT 

A resist composition, which contains: a silicon compound 
having at least an alkyl-soluble group which may be substi 
tuted with a substituent; and a resin having an alkali-soluble 
group which may be substituted with an acid labile group, 
wherein the resist composition is designed to be subjected to 
immersion lithography. 

  



Patent Application Publication Feb. 25, 2010 Sheet 1 of 5 US 2010/0047711 A1 

FIG. 1 

FIG. 2 

Scanning motion 

  



Patent Application Publication Feb. 25, 2010 Sheet 2 of 5 US 2010/0047711 A1 

FIG. 4 

  



Patent Application Publication Feb. 25, 2010 Sheet 3 of 5 US 2010/0047711 A1 

FIG. 5 

FIG. 6 
13 

{N N 

FIG. 7 
15a 

- --1 

N 13 

N 

  



Patent Application Publication Feb. 25, 2010 Sheet 4 of 5 US 2010/0047711 A1 

N 
// / / / / / / 

2 

  

  



Patent Application Publication Feb. 25, 2010 Sheet 5 of 5 US 2010/0047711 A1 

F.G. 11 

17a 16 

YZY // / / / / / 
F.G. 12 

16a 

N%NYS 
/ / / / / / / 

FIG. 13 

- 18 

- 12 

11 

N Y&N N N Y x Y. & Y Y 

% S-N- N.N.2% SNSNS 

  

    

  

  

  

  

    

  

  

  

    

  



US 2010/0047711 A1 

RESIST COMPOSITION, METHOD FOR 
FORMING RESIST PATTERN, AND METHOD 
FOR PRODUCINGELECTRONIC DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority of the prior International Application No. PCT/ 
JP2007/055145, filed on Mar. 14, 2007, the entire contents of 
which are incorporated herein by reference. This is a continu 
ation application of PCT/JP2007/069052, filed on Sep. 28, 
2007. 

FIELD 

0002. The embodiments discussed herein are related to a 
resist composition for use in formation of a resist pattern in 
the process of production of an electronic device using the 
technology of immersion lithography and are also related to a 
method for forming a resist pattern using the resist composi 
tion, and a method for producing an electronic device using 
the resist composition. 

BACKGROUND 

0003. As recent trends in the art, a semiconductor inte 
grated circuit has been more and more highly integrated, and 
along with higher integration, the minimum pattern size 
reaches to the region of 100 nm or less. For the formation of 
fine patterns, lithography in which a resist material is exposed 
to ultraviolet light, has been conventionally used, and cur 
rently immersion lithography has attracted attentions as a new 
technology using ArF (fluorinated argon) excimer laser 
(wavelength of 193 nm), which has been developed for prac 
tical use, following the lithography. 
0004. In the immersion lithography a space between a 
projection lens of a stepper and a processing Surface (wafer 
etc.) is filled with a medium having a larger refractive index 
than that of air, and as a result resolution is improved. In 
recent years, the techniques and materials, especially expo 
Sure devices and mediums (immersion mediums), for the 
immersion lithography have been developed. 
0005. However, there are problems typical for the immer 
sion lithography such that various contaminations are eluted 
from a resist film to the immersion medium, as the resist film 
is exposed to the immersion medium (generally water) that 
fills the space between the projection lens and the processing 
Surface. As a result of this, an optical element or inside of the 
exposure device is polluted, causing lower resolution due to 
exposure failure, or operational errors of the device. 
0006 To solve this problem, the method for forming a 
resist cover film on the top surface of the resist film has been 
considered. However, as the ArF excimer laser having a wave 
length of 193 nm or F, excimer laser that has a shorter wave 
length (157 nm) than that of the ArF excimer laser is not 
passed trough general organic materials, the range of the 
selection of the materials usable for the resist cover film is 
extremely narrow. 
0007 Currently a resist cover film using a fluororesin has 
been known (see Japanese Patent Application Laid-Open (JP 
A) No. 2006-301524), but various problems have been found 
on the resist cover film, such as insufficient effect for Sup 
pressing the interaction to the exposure medium (resist film), 
or elution of contaminations from the resist cover film, and 
mixing with the resist film. 
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0008 Moreover, even if a resist cover film which solves 
Such problems is developed, a step for forming another film (a 
resist cover film) is still necessary after the formation of a 
resist film. Therefore, it is clear that the use of the resist cover 
film itself becomes demerit in terms of throughput. 
0009. Note that, in recent years, a method for improving an 
acryl resin itself for using a resist material has been consid 
ered. However, the changing the resin structure requires a 
large change in the ability of the resist material to form a fine 
pattern. Therefore, it may take a considerable time to realize 
Such the resin. 
0010 Moreover, the technique in which silsesquioxane 
resin is used as a resist material, and the generation of organic 
gas (out gassing) from the resist film is Suppressed so as to 
prevent pollution within an exposure device (see Interna 
tional Publication No. WO 2004/076535). However, the sils 
esquioxane resin disclosed in this patent literature always 
contains a fluorine atom, which is known as having a low 
refractive index. As the technique of immersion lithography 
aims at improving the resolution by achieving the high refrac 
tive index, it is necessary for the resist material for exclude a 
fluorine atom which may cause lowering of the refractive 
index. 
0011. Accordingly it is a current situation that a material 
which does not lower the throughput in the production pro 
cess of a semiconductor, is capable of Suppressing the gen 
eration of pollution to an optical element or within an expo 
Sure device by Suppressing the elution to an immersion 
medium, does not lose original function for a resist, and 
suitably used for a resist film which can be highly accurately 
exposed by immersion lithography and associated techniques 
thereofhave not been developed, and it has been desired in the 
art to develop Such techniques. 

SUMMARY 

0012. As a result of the researches and studies conducted 
by the inventors in view of the aforementioned object, the 
inventors have found the following findings. Namely at the 
time an electronic device is produced using the technique of 
immersion lithography use of a composition containing at 
least a silicon compound having a Substituted or unsubsti 
tuted alkali-soluble group and resin having an alkali-soluble 
group or an alkali-soluble group Substituted with an acid 
labile group, as a resist material for forming a resist pattern, 
Suppresses the influences of elution or penetration caused 
between the resist composition and the immersion medium 
that is filled between a projection lens and a wafer, does not 
impair inherit characteristic of a resist, and is capable of 
forming a resist pattern of high resolution at high sensitivity. 
Moreover, by using this resist composition, a resist pattern is 
formed by immersion lithography with the same through put 
as in the processes of the conventional lithography and an 
electronic device is produced. Based upon the findings men 
tioned above, the invention has been completed. 
0013 The present invention is established based on the 
insights of the inventors, and means for Solving the aforemen 
tioned problems are as follows. 
0014. According to an aspect of the invention, a resist 
composition contains: a silicon compound having at least an 
alkyl-soluble group which may be substituted with a substitu 
ent; and a resin having an alkali-soluble group which may be 
substituted with an acid labile group, wherein the resist com 
position is designed to be subjected to immersion lithography. 
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0015. According to another aspect of the invention, a 
method for forming a resist pattern contains: forming a resist 
film on a processing Surface using the resist composition of 
the invention; irradiating the resist film with exposure light in 
accordance with immersion lithography; and developing the 
exposed resist film So as to form a resist pattern. 
0016. According to another aspect of the invention, a 
method for producing an electronic device, contains: forming 
a resist film on a processing Surface using the resist compo 
sition of the invention; irradiating the resist film with expo 
Sure light in accordance with immersion lithography; devel 
oping the exposed resist film so as to form a resist pattern; and 
etching the Surface using the resist pattern as a mask. 
0017. The object and advantages of the invention will be 
realized and attained by means of the elements and combina 
tions particularly pointed out in the claims. 
0018. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the invention, 
as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

0019 FIG. 1 is a schematic diagram for explaining an 
example of the method for forming a resist pattern of the 
present invention, and illustrates the condition where the 
resist film is formed; 
0020 FIG. 2 is a schematic diagram for explaining an 
example of the method for forming a resist pattern of the 
present invention, and illustrates an example of an immersion 
exposure device; 
0021 FIG. 3 is a partially enlarged view of the immersion 
exposure device of FIG. 2; 
0022 FIG. 4 is a schematic diagram for explaining an 
example of the method for forming a resist pattern of the 
present invention, and illustrates the condition where the 
resist film is developed after the immersion lithography; 
0023 FIG. 5 is a schematic diagram for explaining an 
example of the method for producing an electronic device of 
the present invention, and illustrates the condition where an 
interlayer insulating film is formed on a silicon Substrate; 
0024 FIG. 6 is a schematic diagram for explaining an 
example of the method for producing an electronic device of 
the present invention, and illustrates the condition where a 
titanium film is formed on the interlayer insulating film of 
FIG. 5; 
0025 FIG. 7 is a schematic diagram for explaining an 
example of the method for producing an electronic device of 
the present invention, and illustrates the condition where a 
resist film is formed on the titanium film, and a hole pattern is 
formed in the titanium film; 
0026 FIG. 8 is a schematic diagram for explaining an 
example of the method for producing an electronic device of 
the present invention, and illustrates the condition where a 
hole pattern is also formed in the interlayer insulating film; 
0027 FIG. 9 is a schematic diagram for explaining an 
example of the method for producing an electronic device of 
the present invention, and illustrates the condition where a Cu 
film is formed on the interlayer insulating film in which the 
hole pattern has been formed: 
0028 FIG. 10 is a schematic diagram for explaining an 
example of the method for producing an electronic device of 
the present invention, and illustrates the condition where Cu 
accumulated on the portion of the interlayer insulating film 
other than the hole pattern was removed; 
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0029 FIG. 11 is a schematic diagram for explaining an 
example of the method for producing an electronic device of 
the present invention, and illustrates the condition where an 
interlayer insulating film is formed on the Cuplug and the TiN 
film both of which are have been formed in the hole pattern; 
0030 FIG. 12 is a schematic diagram for explaining an 
example of the method for producing an electronic device of 
the present invention, and illustrates the condition where a 
hole pattern is formed the interlayer insulating film serving as 
a Surface layer, and then a Cuplug is formed therein; 
0031 FIG. 13 is a schematic diagram for explaining an 
example of the method for producing an electronic device of 
the present invention, and illustrates the condition where a 
wiring of three layered structure is formed. 

DESCRIPTION OF EMBODIMENTS 

0032 
0033. The resist composition is used for a resist pattern 
which is formed by the technology of immersion lithography 
in the process of producing an electronic device. 
0034. The resist composition contains at least a silicon 
compound having at least an alkali-soluble group which may 
be substituted with a Substituent, and a resin having an alkali 
soluble group which may be substituted with an acid labile 
group, preferably further contains an acid generator, and 
more preferably further contains a resist solvent that is a 
Solvent containing at least propylene glycol methyl ether 
acetate. The resist composition further contain appropriately 
selected other components, as necessary. 
0035 
0036. The silicon compound is not particularly limited and 
may be appropriately selected depending on the purpose as 
long as the silicon compound has at least an alkali-soluble 
group. As the silicon constitutes a main skeleton of the resist 
composition, the resist composition has lower absorbency to 
ArF excimer laser having a wavelength of 193 nm or F. 
excimer laser having a wavelength of 157 nm compared to 
that of the conventional organic materials, and as a result 
these rays of laser are transmitted through the resist film to 
form a resist pattern. Moreover, the silicon compound is a 
compound which originally has a high hydrophobicity and 
allows extremely small penetration of water compared to the 
conventional organic materials. In addition, the silicon com 
pound containing the alkali-soluble group or alkali-soluble 
group that is Substituted with a substituent has large compat 
ibility to a resist developer that is a strong alkali, but has low 
solubility or penetration to water. Therefore, elution of acid or 
like from the resist film to the immersion medium (e.g. water), 
or a side reaction due to the penetration of the immersion 
medium to the resist film can be prevented. 
0037. The alkali-soluble group is not particularly limited, 
and appropriately selected depending on the intended pur 
pose. Examples of the alkali-soluble group include a carboxy 
lic acid-containing group, a Sulfonic acid-containing group, a 
phenol-containing group, a hexafluorocarbinol-containing 
group, a silane group, and a silanol group. Among them, the 
carboxylic acid-containing group is preferable as it is identi 
cal to an alkali-soluble group contained in an acryl polymer 
used for a resist material corresponded to ArF excimer laser, 
is uniformly dissolved without pealing or remaining at the 
time of developing using an alkali developer, and is remov 
able together with the resist film. Moreover, the alkali-soluble 

(Resist Composition) 

—Silicon Compound— 
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group containing silicon, that is the silane group, silanol 
group, or the like is preferable in terms of easiness of synthe 
S1S. 

0038. Note that, the groups containing the carboxylic 
acid-containing group, silan group, silanol group, and the like 
are not particularly limited as long as a carboxyl group, silane 
group or silanol group is contained in part of the structure, and 
appropriately selected depending on the intended purpose. 
0039. The alkali-soluble group may be substituted with a 
substituent. 
0040. The substituent is not particularly limited, and may 
be selected depending on the intended purpose. The Substitu 
ent is preferably a functional group which detaches in the 
presence of acid. Such the substituent is not particularly lim 
ited and may be selected depending on the intended purpose, 
but preferable examples thereof include: those having alicy 
clic group Such as adamantine and norborname; tert-butyl 
group, tert-butoxycarbonyl group, tetrahydropyranyl group, 
and dimethylbenzyl group. 
0041. Examples of the functional group, which does not 
detach in the presence of acid, include alkyl group. 
0042. One of the preferred embodiments of the silicon 
compound having an alkali-soluble group which may be Sub 
stituted with the substitutent is the silicon compound 
expressed by the following General Formula 1. 

General Formula 1 

(SiO4,2),(R'SiO4)2)5(O2OR) 

I0043. Note that, in General Formula 1, R' is at least one 
selected from the group consisting of a monovalent organic 
group, a hydrogen atom and a hydroxyl group, R is a 
monovalent organic group or a hydrogen atom, in which a 
plurality of the different groups and atom may be selected for 
each of R' and R and at least one of R' and R contains an 
alkali-soluble group which may be substituted; t is an integer 
of 1 to 3, each of a, b, and c represents a presence ratio, which 
is expressed by a20, b20, c20, but a, b and c are not to be 0 
at the same time; and two or more different units may be 
present as (R',SiO2), 
0044 Namely General Formula 1 includes the case where 
two or more (R' ,SiO2), are present as in General Formula 
2. 

General Formula 2 

CH CH 

CH3 CH3 

0045. Note that, in General Formula 2, each of a,b,b' and 
c represents a number for repeating, and a,b,b' and care a0, 
b>0, b'>0, and c20, respectively. 
0046. In General Formula 1, a monovalent organic group 
other than the alkali-soluble group which may be substituted 
with the substituent, which is expressed R' and R, is not 
particularly limited and may be appropriately selected 
depending on the intended purpose. Preferable examples of 
the monovalent organic group include C1-5 alkyl group, and 
trialkylsilyl group containing C1-5 alkyl group. 
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0047. When the number of the carbon atoms thereof is 
more than five, the glass transition temperature (Tg) of the 
silicon compound becomes low, and a resist film may not be 
formed. 
0048 Moreover, as mentioned earlier, a plurality of dif 
ferent groups may be present as the monovalent organic group 
at the same time. 
0049. The weight average molecular weight of the silicon 
compound which may be substituted with the substituted is 
not particularly limited and may be appropriately selected 
depending on the intended purpose. For example, the weight 
average molecular weight thereof is preferably 1,000 to 
1,000,000, more preferably 2,000 to 100,000 as measured by 
gel permeation chromatography using a polystyrene standard 
for calibration. Namely the silicon compound contained in 
the resist composition is a silicon polymer. 
0050. When the weight average molecular weight thereof 

is less than 1,000, the thermal resistance may be lowered. 
When the weight average molecular weight thereof is more 
than 1,000,000, the coating performance of the resist compo 
sition may be lowered. 
0051. The weight average molecular weight may be mea 
Sured, for example, in accordance with gel permeation chro 
matography (GPC), which is one of the technologies of liquid 
chromatography and performs a separation based on the def 
erence in the molecular sizes. 
0052 – Resin 
0053. The resin is not particularly limited, and may be 
appropriately selected depending on the intended purpose, as 
long as the resin has an alkali-soluble group. As the preferred 
embodiment of the resin, those having an alicyclic structure 
within the resin, and acryl resin having an alicyclic structure 
are listed. 
0054 The alicyclic structure is positioned at least either a 
main chain of the resin or a side chain of the resin. Examples 
of the alicyclic structure include cyclohexane, cycloheptane, 
adamantine, norbornane, decalin, tricyclononane, tricyclode 
cane, tetracyclododecane, and derivatives thereof. 
0055. The resist composition may be of a positive type or 
a negative type. In the case where the resist composition is a 
positive resist composition, the resin contains the alkali 
soluble group that is substituted with an acid labile group. In 
the case where the resist composition is a negative resist 
composition, the resin contains the alkali-soluble group 
which is not substituted with the acid labile group. 
0056. The alkali-soluble group is not particularly limited, 
and may be appropriately selected depending on the intended 
purpose. Examples of the alkali-soluble group include 
hydroxyl group, carboxyl group, and hexafluolocarbinol 
group. 
0057 The acid labile group is not particularly limited, and 
may be appropriately selected depending on the intended 
purpose. Examples of the acid labile group include: those 
having an alicyclic group such as adamantine, and norbor 
name; tert-butyl group; tert-butoxycarbonyl group; tetrahy 
dropyranyl group; and dimethylbenzyl group. 
0058. The weight average molecular weight of the resin 
which may be substituted with the substituted is not particu 
larly limited and may be appropriately selected depending on 
the intended purpose. For example, the weight average 
molecular weight thereof is preferably 1,000 to 1,000,000, 
more preferably 3,000 to 50,000 as measured by gel perme 
ation chromatography using a polystyrene Standard for cali 
bration. 
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0059. When the weight average molecular weight thereof 
is less than 1,000, the thermal resistance thereof may be 
lowered. When the weight average molecular weight thereof 
is more than 1,000,000, the coating performance of the resist 
composition may be lowered. 
0060. The weight average molecular weight may be mea 
Sured, for example, in accordance with gel permeation chro 
matography (GPC), which is one of the technologies of liquid 
chromatography and performs a separation based on the def 
erence in the molecular sizes. 
0061 —Acid Generator— 
0062. The acid generator is not particularly limited, and 
may be appropriately selected from those known in the art 
depending on the intended purpose. Examples of the acid 
generator include: onium salt such as diphenyl iodonium salt 
and triphenyl Sulfonium salt; Sulfonic acid ester Such as ben 
Zyltosylate and benzyl Sulfonate; a halogenated organic com 
pound Such as dibromobisphenol A, and trisdibromopropyl 
isocyanurate. These may be used singly or in combination. 
0063. The amount of the acid generator contained in the 
resist composition is not particularly limited, and may be 
appropriately adjusted depending on the intended purpose. 
The amount of the acid generator is preferably 0.1% by mass 
to 20% by mass. 
0064. When the amount thereof is less than 0.1% by mass, 
the resist composition may not attain Sufficient sensitivity as 
a chemically amplified resist. When the amount thereof is 
more than 20% by mass, the film formability or resolution 
may be lowered. 
0065 – Resist Solvent 
0066. The resist solvent is not particularly limited, and 
may be appropriately selected depending on the intended 
purpose. The preferred embodiment is a solvent containing at 
least propylene glycol methyl ether acetate (PGMEA). The 
solvent containing PGMEA preferably further contains ethyl 
lactate (EL). It has been known in the conventional art that the 
occurrence of the striation is reduced, i.e. the coating proper 
ties are improved, when the resist composition is applied, by 
using two solvents in combination. For example, Such the 
combination of the solvents is selected from propylene glycol 
monomethyl ether, Y-butyl lactone (GBL), ethyl lactate (EL), 
and the like. The combination of PGMEA and EL is advan 
tageous, as the elution of the resist film to the immersion 
medium, which is the biggest problem in the immersion 
lithography is reduced as well as improving the coating prop 
erties of the resist composition. 
0067. Note that, in the case where PGMEA is used with 
either PGME or GBL in combination, the reduction effect in 
the elution of the resist film to the immersion medium may not 
be attained so easily. This is because the boiling point and 
water solubility of each of PGMEA, PGME and GBL provide 
influences. 
0068. The composition rate (PGMEA/EL) of propylene 
glycol methyl ether acetate (PGMEA) to ethyl lactate (EL) in 
the resist solvent is not particularly limited, and may be 
appropriately adjusted depending on the intended purpose. 
The composition rate (PGMEA/EL) is preferably 70/30 to 
99/1, more preferably 85/15 to 95/5. When the ratio of the 
ethyl lactate (EL) is less than 1% by mass, the effect for 
reducing the elution of the resist film to the immersion 
medium may not be attained by the addition of the ethyl 
lactate. When the ratio of the ethyl lactate (EL) is more than 
30% by mass, hydrophilic property of the resist film becomes 
too high and the immersion medium easily impregnate the 
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resist film, resulted in impairing the effect for reducing the 
elution. The amount of the resist solvent contained in the 
resist composition is not particularly limited, and may be 
appropriately selected depending on the thickness of the 
resist film to be formed. 
0069 - Other Components— 
0070. Other components are not particularly limited as 
long as they do not adversely affect the effects obtainable by 
the invention, and may be appropriately selected depending 
on the intended purpose. As other components, various addi 
tives known in the art are listed. For example, a Surfactant may 
be added for the purpose of improving the coating properties, 
and an amine additive may be added for the purpose of 
improving the storage stability. 
0071. The amount of the aforementioned other compo 
nents contained in the resist composition may be appropri 
ately determined depending on the types or amounts of the 
silicon compound, the resin and the like. 
0072 The composition ratio of the silicon compound hav 
ing an alkali-soluble group which may be substituted with the 
substituent (hereinafter, may be referred as “silicon com 
pound') to the resin having an alkali-soluble group which 
may be substituted with the substituent (hereinafter, may be 
referred as “silicon compound') within the resist composition 
may be appropriately adjusted depending on the alkali solu 
bility of the silicon compound. 
0073. In the case where the silicon compound has a unsub 
stituted alkali-soluble group, as the alkali solubility of the 
silicon compound, the dissolution rate thereof is preferably 
10 nm/sec to 2,000 nm/sec. more preferably 10 nm/sec to 
1,000 nm/sec with respect to a 2.38% by mass of tetramethyl 
ammonium hydroxide (TMAH) solution at 25°C. In this 
case, the composition ratio (the silicon compound/the resin) 
of the silicon compound to the resin in the resist composition 
is preferably 50/50 to 0.01/99.99, more preferably 40/60 to 
0.05/99.95, yet more preferably 20/80 to 0.2/99.8. Note that, 
as the alkali solubility of the exposed portion of the resist 
composition containing the silicon compound and the resin, 
the dissolution rate thereof is preferably 100 nm/sec to 5,000 
nm/sec. more preferably 300 nm/sec to 5,000 nm/sec. In the 
case where the silicon compound has an alkali-soluble group 
which is substituted with the substituent and the substituent is 
a functional group which detaches in the presence of acid, the 
alkali solubility of the silicon compound in which the func 
tional group is detached therefrom by acid, and the composi 
tion ratio (the silicon compound/the resin) of the silicon com 
pound to the resin in the resist composition are the same as in 
the case of the silicon compound having the unsubstituted 
alkali-soluble group. 
0074 Moreover, in the case where the silicon compound 
has the alkali-soluble group which is substituted with the 
Substituent and the Substituent is a functional group which 
does not detach in the presence of acid, the alkali solubility of 
the silicon compound is expressed as the dissolution rate of 
less than 10 nm/sec. In this case, the composition ratio (the 
silicon compound/the resin) of the silicon compound to the 
resin is preferably 5/95 to 0.01/99.99, more preferably 2/98 to 
0.02/99.98 on the mass basis. When the composition ratio of 
the silicon compound to the resin is in the range mentioned 
above, the silicon compound is removed along with the dis 
Solution of the resin, the exposed portion of the resist com 
position containing the silicon compound and the resin is 
dissolved within the range of the aforementioned dissolution 
rate, as alkali-solubility of the exposed portion, and thus a 
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patterning of the resist film formed from the resist composi 
tion is possible without impairing the resolution. This is a 
characteristic realized due to the substituent which is a func 
tional group that does not detach in the presence of acid but is 
a Substituent contained in the alkali-soluble group. Namely 
the silicon compound having the alkali-soluble group which 
is substituted with the substituent has slight hydrophilic prop 
erty due to the polar group thereof. Especially as the wetta 
bility of the TMAH solution serving as an alkali developer is 
largely influenced by the presence of a slight polar group, the 
presence of the polar group plays, even though it is Substi 
tuted, an important role in the structure of the silicon com 
pound. 
0075. The transmittance of the silicon compound con 
tained in the resist composition is not particularly limited 
with respect to the exposure light, and may be appropriately 
selected depending on the intended purpose. For example, 
when it is determined at the thickness of 100 nm, the trans 
mittance of the silicon compound is preferably 30% or more, 
more preferably 50% or more, yet more preferably 80% or 
more with respect to ArF excimer laser (193 nm) and F. 
excimer laser (157 nm). 
0076. When a resist film in the thickness of 100 nm is 
formed with the resist composition, the transmittance of the 
resist composition is preferably 30% or more, more prefer 
ably 50% or more, yet more preferably 70% or more with 
respect to ArF excimer laser (193 nm), and is preferably 30% 
or more, more preferably 50% or more, yet more preferably 
60% or more with respect to F excimer laser (157 nm). 
0077. When the transmittance of the resist composition is 
less than 30%, highly precise exposure may not be performed 
on the resist film, and fine, highly precise resist pattern may 
not be attained. Note that, as higher transmittance of the resist 
composition is more preferably the upper limit thereof is 
100%. 
0078. The resist composition suppresses the elution 
thereof to the immersion medium in the immersion lithogra 
phy maintains the properties thereof without lowing, is 
capable of forming fine resist patterns, and is Suitably used for 
the formation of a resist pattern, which is mentioned below. 
007.9 The resist film formed with the resist composition 
prevents elution or penetration caused between an immersion 
medium, which fills the space between the resist film and a 
projection lens, and the resist film, and maintains original 
resist performance without adversely affecting the transmit 
tance to ArF excimer laser. 
0080 (Method for Forming Resist Pattern) 
0081. The method for forming a resist pattern contains 
forming a resist film on a processing Surface using a resist 
composition, irradiating the resist film with exposure light in 
accordance with immersion lithography and developing the 
exposed resist film So as to form a resist pattern, and may 
further contains other steps which is appropriately selected 
depending on the purpose. 
I0082 <Resist Film Forming Step> 
0083. The resist film forming step is forming a resist film 
on a processing Surface using the resist composition. 
0084. Note that, the details of the resist composition areas 
described earlier. 
0085. The processing surface is not particularly limited 
and appropriately selected depending on the intended pur 
pose. Examples thereof include a surface layer of an arbitral 
member which is subject to form a fine pattern in accordance 
with photolithography. Preferable examples thereof include a 
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Substrate such as a silicon wafer and/or a surface thereof, and 
an insulating film Such as various oxidized films and/or Sur 
face thereof. 
I0086. The resist film is formed in accordance with any 
method known in the art, and for example, can be formed by 
a coating method. 
I0087. The coating method is not particularly limited, and 
may be appropriately selected depending on the intended 
purpose. As an example of the coating method, a spin coating 
may be listed. In the case of the spin coating, as the conditions 
thereof, for example, the rotation number is approximately in 
the range of 100 rpm to 10,000 rpm, preferably 800 rpm to 
5,000 rpm, and the duration for the coating is approximately 
in the range of one second to 10 minutes, preferably one 
second to 90 seconds. 
I0088. The thickness of the coating is not particularly lim 
ited and may be appropriately adjusted depending on the 
intended purpose. For example, it is preferably 50 nm to 500 
nm, more preferably 80 nm to 300 nm. 
0089. When the thickness thereof is less than 50 nm, 
defects such as pinholes may be caused. When the thickness 
thereof is more than 500 nm, the transmittance against ArF 
excimer laser or F excimer laser is lowered, and thus reso 
lution or exposure sensitivity may be lowered. 
0090. It is preferable that the coated resist composition is 
baked (heating and drying) at the time of or after the coating. 
The conditions and method of baking are not particularly 
limited and are appropriately selected depending on the 
intended purpose. For example, the temperature for baking is 
preferably 40° C. to 150° C., more preferably 80° C. to 120° 
C., and the duration for baking is preferably 10 seconds to 5 
minutes, more preferably 30 seconds to 120 seconds. 
0091. In accordance with the step mentioned above, the 
resist film is formed on the processing Surface. 
0092 <Immersion Exposure Step> 
0093. The immersion exposure step is irradiating the resist 
film with exposure light in accordance with immersion 
lithography. 
0094. The immersion lithography can be performed by the 
conventional immersion exposure device. The irradiation of 
the exposure light is performed on part of the region of the 
resist film. As a result, a polarity of Such part of the region is 
changed, and the exposed region is removed in case of the 
positive resist composition or the unexposed region is 
removed in case of the negative resist composition in the 
developing step mentioned later to thereby form a resist pat 
tern 

0.095 The immersion medium used for the immersion 
lithography and filling the space between the projection lens 
of the exposure device and the wafer is not particularly lim 
ited, and is appropriately selected depending on the intended 
purpose. The immersion medium is preferably a liquid having 
higher refractive index than the refractive index of air (refrac 
tive index=1) for the purpose of obtaining high resolution. 
0096. The liquid having the refractive index larger 
(higher) than 1 is not particularly limited and is appropriately 
selected depending on the intended purpose. The higher 
refractive index is more preferable. Preferable examples 
thereof include pure water, oil, glycerin, and alcohol. Among 
them, pure water (refractive index=1.44) is preferable. 
0097. The exposure light is not particularly limited and is 
appropriately selected depending on the intended purpose. 
The exposure light is preferably light having a short wave 
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length. ArF excimer laser (193 nm) and F excimer laser (157 
nm) are preferably as highly fine patterns can be attained. 
0098 <Developing Step> 
0099. The developing step is developing the resist film 
which has been exposed in the immersion exposure step. 
0100. In the developing step, the exposed region is 
removed in case of the positive resist composition, and the 
unexposed region is removed in case of the negative resist 
composition. 
0101 The method for removing the exposed region or the 
unexposed region is not particularly limited and is appropri 
ately selected depending on the intended purpose. For 
example, the method is a method for removing using a devel 
oper. 
0102 The developer is not particularly limited and is 
appropriately selected depending on the intended purpose. 
The developer is preferably an alkali developer, for example, 
2.38% by mass tetramethyl ammonium hydroxide (TMAH) 
Solution. 
0103) In accordance with the step mentioned above, the 
exposed or unexposed region of the resist film is dissolved 
and removed to thereby form (develop) a resist pattern. 
0104. Hereinafter, an embodiment of the method for form 
ing a resist pattern of the invention will be explained with 
reference to drawings. 
0105. As illustrated in FIG. 1, after coating a processing 
surface (substrate) 1 with the resist composition, the coated 
resist composition is baked (heating and drying) to thereby 
form a resist 2. Then, the resist film 2 formed on the process 
ing Surface 1 is exposed by an immersion exposure device 5 
illustrated in FIG. 2. 
0106 FIG. 2 is a schematic diagram explaining one 
example of an immersion exposure device. The immersion 
exposure device 5 is equipped with a stepper (a Successively 
moving exposure device) having a projection lens 6, and a 
wafer stage 7. The wafer stage 7 is disposed in the manner 
Such that the processing Surface 1 can be mounted thereon, 
and the space between the projection lens 6 and the process 
ing surface 1 mounted on the wafer stage 7 is filled with an 
immersion medium 8. The resolution of the stepper is 
expressed by the following formula 1 of Rayleigh. As the 
wavelength of the light source is longer and the NA (bright 
ness of the projection lens 6.N.A. (number of aperture)) of the 
projection lens 6 is lager, higher resolution can be obtained. 

Resolution k(proportional constant)x (wavelength of 
light emitted from a light source)/NA (number of aper 
ture) Formula 1 

0107 An enlarged view of X portion of FIG. 2 is illus 
trated in FIG. 3. As illustrated in FIG. 3, n represents refrac 
tive index of the immersion medium 8though which exposure 
light is transmitted, and 0 represents an angle the exposure 
light forms. Note that, in FIG. 3, the exposure light is repre 
sented by a dashed line, and is ArF excimer laser. In the 
conventional exposure method, a medium through which the 
exposure light is transmitted is air whose refractive index is 
n=1. The number of aperture NA of the projection lens (re 
duction projection lens) 6 is theoretically less than 1.0 at 
most, and approximately 0.9 (0=65°) in actual conditions. In 
the case of the immersion exposure device5, the liquid having 
the refractive index n larger than 1 is used as the immersion 
medium 8, which leads increase in the value of n. At the 
incident angle 0 of the identical exposure light, the minimum 
size of resolution can be reduced to 1/n, and with the same 
number of aperture NA 0 can be decreased, which leads 
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increase of the depth of focus by n times. For example, when 
pure water is used as the immersion medium 8 and the light 
source is ArF excimer laser, n=1.44, and NA can be increased 
up to 1.44 times. Therefore, finer patterns can be formed. 
0108. The processing surface (substrate) 1 is mounted on 
the wafer stage 7 of such immersion exposure device 5, and 
the resist film 2 is exposed to the exposure light (e.g. ArF 
excimer laser) in a patterned form. Thereafter, the exposed 
resist film 2 is subjected to alkali developing, and as a result 
the region of the resist film 2 where is exposed to ArF excimer 
laser is dissolved and removed as illustrated in FIG. 4, to 
thereby form (develop) a resist pattern 4 on the processing 
surface (substrate) 1. 
0109) Note that, those mentioned above is the embodiment 
of the method for forming a resist pattern in which the positive 
resist composition corresponded to ArF excimer laser is used, 
but the combination of the exposure light and the resist com 
position is not limited to this embodiment, and may be appro 
priately selected depending on the intended purpose. 
0110. In the method for forming a resist pattern, after 
forming a resist film on the processing Surface using the resist 
composition, irradiating the resist film to exposure light in 
accordance with immersion lithography. Here, as the resist 
film is formed of the resist composition, elution or penetration 
caused between the resist film and the immersion medium 
which fills the space between a projection lens and a wafer 
can be suppressed, and a patterning can be performed without 
lowering the original performance of the resist. Moreover, as 
the silicon compound does not have an aromatic structure or 
carbon double bond which absorb ArF excimer laser, the 
resist composition has high transmittance of ArF excimer 
laser as well as the conventional resist material for ArF exci 
merlaser, and exposure is performed highly precisely. There 
after, the resist film is developed. At the time of developing, 
the resist film formed of the resist composition can be devel 
oped with the conventional developer in the conventional 
manner. As a result, a resist pattern is formed simply and 
efficiently. The resist pattern obtained in this manner is fine 
and precise, since the exposure is precisely performed with 
out damaging the functions of the resist film. 
0111. According to the method for forming a resist pattern 
of the invention, the elution of the resist film to the immersion 
medium is Suppressed, the functions of the resist film are 
maintained, the generation of pollution to an optical element 
and within an exposure device is Suppressed, exposure is 
precisely performed in accordance with immersion lithogra 
phy fine and precise resist patterns are simply and efficiently 
formed. Therefore, the method for forming a resist pattern is 
Suitably applied for the productions of functional parts Such 
as a mask pattern, reticle pattern, magnetic head, liquid crys 
tal display (LCD), plasma display panel (PDP), and surface 
acoustic wave filter (SAW filter), optical parts used for con 
necting optical wirings, fine parts such as micro actuator, and 
an electronic device Such as a semiconductor device, and is 
suitably used for the method for producing an electronic 
device of the invention, which will be mentioned below. 
(O112 (Method for Producing Electronic Device) 
0113. The method for producing an electronic device of 
the invention contains at least a resist pattern forming step, 
and a patterning step, and may further contain appropriately 
selected other steps, if necessary. 
0114 <Resist Pattern Forming Step> 
0115 The resist pattern forming step is forming a resist 
film on a processing Surface using the resist composition, 
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irradiating the resist film with exposure light in accordance 
with immersion lithography and developing the exposed 
resist film so as to form a resist pattern. As a result of the resist 
pattern forming step, a resist pattern is formed on the process 
ing Surface. 
0116 Note that, the details of the resist pattern forming 
step is the same as in the method for forming a resist pattern 
of the invention, and the method of immersion lithography 
and resist pattern are as mentioned earlier. 
0117 Examples of the processing surface are surface lay 
ers of various members in an electronic device Such as a 
semiconductor. Preferable examples thereof include a sub 
strate such as a silicon wafer and/or a Surface thereof, and a 
low dielectric constant film such as various oxidized films 
and/or a surface thereof. 
0118. The low dielectric constant film is not particularly 
limited and may be appropriately selected depending on the 
intended purpose, but is preferably an interlayer insulating 
film having dielectric constant of 2.7 or less. Examples of 
Such interlayer insulating film include a porous silicon film, 
and a fluororesin film. 
0119 The porous silicon film may be formed, for 
example, by applying a material for forming a silicon film, 
heating so as to dry a solvent, and baking. 
0120. The fluororesin film is formed, for example, by 
using a mixed gas of CFs and CH or CFs gas as a source in 
case of the formation of a fluorocarbon film, and accumulat 
ing the same by RFCVD (powder: 400W). 
0121. In accordance with the step mentioned above, the 
resist film formed on the processing Surface is irradiated with 
exposure light in accordance with immersion lithography and 
developed to thereby form a resist pattern. 
0122) <Patterning Step> 
0123 The patterning step is patterning the processing Sur 
face using the resist pattern as a mask (using a mask pattern) 
by etching. 
0.124. The method of etching is not particularly limited 
and may be appropriately selected from the conventional 
methods depending on the intended purpose. For example, as 
the method of etching, dry etching is preferable. The conduc 
tions of the etching are not particularly limited and may be 
appropriately selected depending on the intended purpose. 
0.125. In accordance with the step mentioned above, etch 
ing is performed using the resist pattern as a mask, and as a 
result the processing Surface is patterned. 
0126. In the method for producing an electronic device, 
after forming a resist film on the processing Surface using the 
resist composition, irradiating the resist film to exposure light 
in accordance with immersion lithography. Here, as the resist 
film is formed of the resist composition, elution or penetration 
caused between the resist film and the immersion medium 
which fills the space between a projection lens and a wafer 
can be suppressed, and a patterning can be performed without 
lowering the original performance of the resist. Moreover, as 
the silicon compound does not have an aromatic structure or 
carbon double bond which absorb ArF excimer laser, the 
resist composition has high transmittance of ArF excimer 
laser as well as the conventional resist material for ArF exci 
merlaser, and exposure is performed highly precisely. There 
after, the resist film is developed. At the time of developing, 
the resist film formed of the resist composition can be devel 
oped with the conventional developer in the conventional 
manner. As a result, a resist pattern is formed simply and 
efficiently. The resist pattern obtained in this manner is fine 
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and precise, since the exposure is precisely performed with 
out damaging the functions of the resist film. 
I0127 Next, in the patterning step, etching is performed 
using the resist pattern formed in the resist pattern forming 
step. Therefore, the processing Surface is patterned finely 
precisely and accurately in size, and an electronic device Such 
as a semiconductor device, which has an extremely fine, 
highly precise, excellently accurately sized pattern Such as a 
wiring pattern is efficiently produced. Moreover, a high per 
formance electronic device having a fine wiring pattern 
formed using the resist pattern, e.g. an electronic device Such 
as various semiconductor devices including flash memory 
DRAM, and FRAM, can be efficiently mass produced. 
I0128. According to the method for producing an elec 
tronic device of the invention, the elution of the resist film to 
the immersion medium is Suppressed, the functions of the 
resist film are maintained, the generation of pollution to an 
optical element and within an exposure device is Suppressed, 
exposure is precisely performed in accordance with immer 
sion lithography fine and precise resist patterns are simply 
and efficiently formed. 

EXAMPLES 

I0129. Hereinafter, the examples of the present invention 
will be explained, but these examples shall not be construed 
as to limit the scope of the present invention. 

Example 1 

Preparation of Resist Composition 

0.130 Base resins a to c respectively represented by Struc 
tural Formulae 1 to 3, and silicon compounds 1 to 5 respec 
tively represented by Structural Formulae 4 to 8 were mixed 
based on the formulation of Table 1, and 100 parts by mass of 
the resulted mixture was added with 3 parts by mass of triph 
enyl Sulfonium nonafluorobutane Sulfonate (manufactured by 
Midori Kagaku Co., Ltd.), expressed by Structural Formula 9. 
serving as an acid generator. With the resulted mixture and 
propylene glycol methyl ether acetate (PGMEA) as the sol 
vent, resist compositions A to Q for immersion lithography 
were prepared. 
I0131 Base Resin a (weight average molecular weight 
(Mw)=7,100) 

Structural Formula 1 

CH3 CH3 CH3 

(, 2 2 2 
40 40 20 
O O O 

O y O 
O 

O O NC 
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0132 Base Resin b (weight average molecular weight 
(Mw)=9,600) 

CH CH 

2 40 2 O 40 
O 

O O 

O HC 
O O 

Structural Formula 2 

CH 

2 20 
O 

O 

OOH 
0.133 Base Resin c (weight average molecular weight 
(Mw)=15,600) 

Structural Formula 3 

CH3 CH3 CH3 

(i. 
2 30 2 O 50 2 O 20 

O 

O O O 

O 
OH 

0134 Silicon Compound 1 (a silicon compound having an 
alkali-soluble group which may be substituted with an acid 
labile group; weight average molecular weight (Mw)=4, 100) 

Structural Formula 4 

t 
(SiO) O2 -Si- (CH2)3-COOH 

CH 
O 

CH3 

O-Si-(CH)-COOCH 

CH 
3 30 

CH 

O-Si-CH 

CH3 15 

0135 Silicon Compound 2 (a silicon compound having an 
alkali-soluble group (carboxylic acid containing group); 
weight average molecular weight (Mw)–3,400) 
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Structural Formula 15 

CH3 

(SiO42)45 o-i-cir-cool 
CH 

3 40 

CH3 

O-Si-CH 

CH 15 

0.136 Silicon Compound 3 (a silicon compound having an 
alkali-soluble group which is substituted with an acid labile 
group; weight average molecular weight (Mw)=5,300) 

Structural Formula 6 

ooch 
(CH2)3 t t 
(SiO32)80 (SiO3)0 Of -CH 

CH3 O 

0.137 Silicon Compound 4 (a silicon compound having an 
alkali-soluble group (silanol group); weight average molecu 
lar weight (Mw)=4,600) 

Structural Formula 7 

t 
(sio O2-Si-(CH2)4-COOCH, 

CH3 O 

CH 

ol--ch (O12 H)20 
CH 25 

0.138 Silicon Compound 5 (a silicon compound having an 
alkali-soluble group (silan group); weight average molecular 
weight (Mw)=6,000) 

Structural Formula 8 

t t 
(SiO42)45 O-Si-H. O-Si-CH 

CH CH 
40 15 
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0139 Acid Generator (triphenyl sulfonium nonafluorobu 
tane Sulfonate) 

Structural Formula 9 

TABLE 1. 

Silicon 
Compound 

Resist Base 
Composition Resin 

Composition ratio (mass %) 
(Base Resin/Silicon Compound) 

99.1 
99.1 
99.1 
99.1 
99.1 
99.1 
99.1 
99.1 
99.1 
99.1 
99.1 

99.8.0.2 
99.S.O.S 
99.5 

0140. Note that, A-Q represented in Table 1 are corre 
sponded to the resist compositions A to Q, respectively and 
within the resist compositions A to Q, the resist compositions 
A to Care comparative examples, and the resist compositions 
D to Q are examples (embodiments of the invention). 

Example 2 

Formation of Resist Pattern 

01.41 Each of the resist compositions A to Q of Table 1 
was spin coated on a silicon Substrate on which an antireflec 
tion film (ARC-39, manufactured by Nissan Chemical Indus 
tries, Ltd.) had been formed by spin coating at 2,000 rpm for 
25 seconds, and the coated film was baked on a hot plate 
having a temperature of 110° C. for 60 seconds, to thereby 
form a resist film for immersion lithography having a thick 
ness of 250 nm. 

0142 Next, water serving as an immersion medium was 
filled in the space between each resist film sample and an 
optical element, and the sample was exposed with ArF exci 
merlaser (wavelength of 193 nm) as exposure light, by means 
of an immersion lithographic device. Here, the resist film 
sample using the resist composition D had the transmittance 
of 80%, and refractive index of 1.69 with respect to ArF 
excimer laser (wavelength of 193 nm). Note that, the mea 
surement of the transmittance was when the resist film had a 
thickness of 100 nm. 
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0.143 Next, each resist film sample was developed with 
2.38% by mass TMAH solution to thereby dissolve and 
remove the exposed portion of the resist film. As a result, with 
exposure doses respectively denoted in Table 2, a line-space 
pattern of 300 nm was defined. Here, the exposure portion of 
the resist film sample using the resist composition D had a 
dissolution rate of 900 nm/sec with respect to 2.38% by mass 
of TMAH solution. 

TABLE 2 

Resist Exposure dose 
Composition (mJ/cm) 

25 
46 
39 
25 
46 
39 
25 
46 
39 
25 
46 
39 
39 
39 
39 
39 
39 

0144. From the results of Table 2, the resist compositions 
D to Q of the present embodiment could form a line-space 
pattern at the same sensitivity to the resist compositions A to 
C, even though the resist compositions D to Q contained the 
silicon compounds expressed by the structural formulae 4 to 
8. It was found that the performance originated from the resist 
was not lowered without the change in the sensitivity due to 
the addition of the silicon compound. 
(0145 Note that, in the case where the base resin which 
easily cause acid leaving, the exposure dose is reduced, and is 
highly sensitive compared to the case where the base resin 
which does not easily cause acid leaving. 

Example 3 
Elution Test of Contamination 

0146 Each of the resist compositions A to Q of Table 1 
was spin coated on a 6-inch wafer Substrate, on which an 
antireflection film (ARC-39, manufactured by Nissan Chemi 
cal Industries, Ltd.) had been formed by coating, at 2,000 rpm 
for 25 seconds by spin coating, and the coated film was baked 
on a hot plate having a temperature of 110°C. for 60 seconds 
to thereby form a resist film having a thickness of 250 nm. 
Each of the obtained resist films was exposed by a DUV lamp 
emitting light having a wavelength of 254 nm at the exposure 
dose of 50 m.J/cm and at the same time to the exposure, the 
surface (area of 154 cm) of the wafer substrate was washed 
with 5 mL of pure water, to thereby obtain a sample solution. 
0147 5uL of the thus obtained sample solution was ana 
lyzed by means of LC-MSD (1100 serious, manufactured by 
Agilent Technologies, Inc.), and as a result, it was confirmed 
that anion (CFSO) of the acid generator was eluted in the 
sample solution. 
0.148. The amounts of anion of the acid generator eluted in 
the sample solutions corresponded to the resist compositions 
A to Q are presented in Table 3, respectively. 
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TABLE 3 

Resist 
Composition Elution amount (ppb) 

95.8 
72.3 
6O.S 
S.O.3 
61.2 
41.3 
54.8 
60.8 
44.3 
55 
59.9 
42.1 
46.2 
40 
59.1 
53.5 
32.3 

0149 From the results of Table 3, it was found that each of 
the resist compositions D, G and J had lower elution amount 
of the contamination compared to the resist composition A 
(base resina), which did not contain the silicon compound, 
and similarly each of the resist compositions E. H. and Khad 
lower elution amount of the contamination compared to the 
resist composition B (base resin b), and furthermore each of 
the resist compositions F. I. L., and M to Q had lower elution 
amount of the contamination compared to the resist compo 
sition C (base resin c). Based on this finding, it is clear that the 
resist composition of the present embodiment, in which the 
silicon compound is added, is capable of Suppressing the 
elution of the contamination, which is problematic at the time 
of immersion lithography from the resist film to the immer 
sion medium. 

Example 4 

Evaluation Test for Hydrophobic Property 

0150. Each of the resist compositions A to Q of Table 1 
was spin coated on a 6-inch wafer Substrate, on which an 
antireflection film (ARC-39, manufactured by Nissan Chemi 
cal Industries, Ltd.) had been formed by coating, at 2,000 rpm 
for 25 seconds by spin coating, and the coated film was baked 
on a hot plate having a temperature of 110°C. for 60 seconds 
to thereby form a resist film having a thickness of 250 nm. 
Each of the prepared resist films was subjected to the mea 
Surements of a static contactangle and receding contact angle 
(dynamic contact angle) of water, using pure water and the 
results were compared. 
0151. The static contact angle was measured by means of 
a contact angle meter (CA-W 150, manufactured by Kyowa 
Interface Science Co., Ltd.) at the condition such that the 
ejection duration be 40 ms. 
0152 Moreover, the receding contactangle was measured 
by using the self-produced device by the inventors. The wafer 
substrate on which the resist film had been formed was fixed 
on a sloped stage, which was capable of continuously chang 
ing the angle thereof, and a droplet (50 uD) was dropped on a 
surface of the resist film. Soon after the droplet was dropped, 
the stage was inclined at a constant speed, the receding con 
tact angle was measured on the shape of the droplet after a 
certain time from when the droplet had started moving. The 
results are presented in Table 4. 

10 
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TABLE 4 

Resist Static Contact Dynamic Contact 
Composition Angle () Angle () 

A. 72.8 55.3 
B 67.4 52.2 
C 69.1 57.2 
D 89.3 70.3 
E 80.3 69.3 
F 81.1 69.1 
G 85.4 69 
H 78.6 67.6 
I 78.6 67.2 
J 87.9 70 
K 79.9 68.3 
L 80.6 69.3 
M 76.1 68.3 
N 83.1 72.3 
O 71.3 56.1 
P 74.9 65.3 
Q 90.8 79.4 

0153. From the results of Table 4, it was found that each of 
the resist compositions D to Q of the present embodiment, in 
which the silicon compound was added, had an improved 
contact angle compared to the resist compositions A to C, in 
which the silicon compound was not added, the resist com 
positions D to Q of the present embodiment had high hydro 
phobic properties. 

Example 5 

Preparation of Resist Composition 

0154 The resist compositions R to Z were prepared in the 
same manner as in Example 1, provided that the resist solvent 
of the formulation presented in Table 5 was used. Namely 
each of the base resins (acryl resin) a to c represented by 
Structural Formulae 1 to 3, respectively and each of the sili 
con compounds 1 to 5 represented by Structural Formulae 4 to 
8 respectively of Example 1, were mixed so that the compo 
sition ratio of the silicon compound to the acryl resin became 
1799 (the silicon compound/acryl resin=1/99). To 100 parts 
by mass of the resulted mixture, 3 parts by mass of triphenyl 
sulfonium nonafluorobutane sulfonate represented by Struc 
tural Formula 9 (manufactured by Midori Kagaku Co., Ltd.) 
was added as an acid generator, and with the mixture and the 
resist solvent presented in Table 5, the resist compositions R 
to Z for immersion lithography were prepared. 

TABLE 5 

Resist Solvent 

Composition 
Resist Base Silicon First Second rate (mass %) 

Composition Resin Compound Solvent Solvent (first second) 

I C 2 PGMEA 1OOO 
R C 2 PGMEA EL 90.10 
S C 2 PGMEA GBL 90.10 
T C 2 PGMEA PGME 90.10 
U C 2 PGMEA EL 964 
V C 2 PGMEA EL 60,40 
W 8. 1 PGMEA EL 90.10 
X b 3 PGMEA EL 90.10 
Y C 4 PGMEA EL 90.10 
Z. C 5 PGMEA EL 90.10 
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0155. Note that, in Table 5, the resist composition I 
denotes the resist composition I of Example 1. Moreover, 
PGMEA, EL, GBL, and PGME denote propylene glycol 
methyl ether acetate, ethyl lactate, Y-butyl lactone, and pro 
pylene glycol monomethyl ether, respectively. 

Example 6 
Formation of Resist Pattern 

0156 The resist pattern was formed using the resist com 
positions R to Z prepared in Example 5, in the same manner 
as in Example 2. As a result, a line-space pattern of 300 nm 
was defined at the exposure dose presented in Table 6. 

TABLE 6 

Resist Exposure dose 
Composition (mJ/cm) 

39 
39 
39 
39 
39 
39 
25 
46 
39 
39 

O157. From the results of Table 6, it was found that the 
resist compositions R to Z. each of which contained a com 
bination of PGMEA (the first solvent), and any of EL, GBL 
and PGME (the second solvent), could form the line-space 
pattern at the same degree of the sensitivity to the resist 
composition I in which only PGMEA (the first solvent) was 
contained as the resist solvent, and did not lower the original 
performance of the resist without the change in the sensitivity 
due to the presence of the second solvent. 

Example 7 
Elution Test of Contamination 

0158. Using the resist compositions R to Z prepared in 
Example 5, the elution amount of anion of the acid generator 
was measured in the same manner as in Example 3. The 
results are presented in Table 7. 

TABLE 7 

Resist 
Composition Elution amount (ppb) 

44.3 
33.9 
58.6 
48.8 
35.1 
SO.2 
43.2 
51.9 
42.O 
31.9 

0159 From the results of Table 7, it was found that com 
pared to the resist composition I in which only PGMEA (the 
first solvent) was used, the resist composition S. in which 
10% by mass of GBL was added as the second solvent, and 
the resist composition T. in which 10% by mass of PGME was 
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added as the second solvent, had increased elution amounts of 
the contamination, whereas the resist compositions R and U 
in which ethyl lactate was used as the second solvent had the 
decreased elution amounts of the contamination. Especially 
the resist composition R, in which 10% by mass of ethyl 
lactate was added, reduced the elution amount of the contami 
nation by approximately 25% compared to that of the resist 
composition I. 
0160 However, it was also found that the resist composi 
tion V, in which a large amount of ethyl lactate, i.e. 40% by 
mass, was contained, increased the elution amount of the 
contamination. 
0.161 Moreover, comparing the results of the resist com 
positions all of which had the same types of the base resin and 
silicon compound based on the presence of ethyl lactate (the 
second solvent), the resist compositions W, X, Y and Z, in 
which PGMEA and ethyl lactate were contained, had less 
elution amounts of the contamination than that of the resist 
compositions D. K. M and N in which only PGMEA was 
contained. Based on this result, it was found that the addition 
of ethyl lactate more effectively suppressed the elution of the 
contamination, which was problematic at the time of immer 
sion lithography from the resist film to the immersion 
medium, regardless the types of the base resin and silicon 
compound. 

Example 8 
Evaluation Test of Hydrophobic Property 

0162. Using the resist compositions R to Z prepared in 
Example 5, the static contactangle and receding contactangle 
(dynamic contact angle) of water were measured and the 
results were compared. The results are presented in Table 8. 

TABLE 8 

Resist Static Contact Dynamic Contact 
Composition Angle () Angle () 

I 78.6 67.2 
R 78.4 66.9 
S 79.8 69.1 
T 78.2 67.0 
U 78.4 67.6 
V 72.1 62.3 
W 87.9 7O.O 
X 79.0 67.9 
Y 76.2 67.5 
Z. 82.9 72.O 

(0163. From the results of Table 8, it was confirmed that 
any of the resist composition I, in which only PGMEA (the 
first solvent) was used, and the resist compositions R to Z. in 
which the first solvent and the second solvent selected from 
EL, GBL and PGME were used in combination, had the same 
degrees of the contact angle, and high hydrophilic properties, 
and moreoverthere was no significant fall in the contact angle 
with the addition of the second solvent. 

Example 9 

Production of Electronic Device (Semiconductor 
Device) 

0164. As illustrated in FIG. 5, an interlayer insulating film 
12 was formed on an silicon substrate 11, and a titanium film 
13 was formed on the interlayer insulating film 12 by sput 
tering as illustrated in FIG. 6. Next, a resist pattern 14 was 
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formed in accordance with the conventional technique of 
photolithography as illustrated in FIG. 7, and using the resist 
pattern as a mask, the titanium film 13 was patterned by 
reactive ion etching so as to forman opening 15a. Subsequen 
tially as well as removing the resist pattern 14 by reactive ion 
etching, an opening 15b was formed in the interlayer insulat 
ing film 12 using the titanium film 13 as a mask as illustrated 
in FIG. 8. 
(0165 Next, the titanium film 13 was removed by wet 
processing, and as illustrated in FIG. 9, a TiN film 16 was 
formed on the interlayer insulating film 12 by Sputtering, 
followed by forming a Cu film 17 on the TiN film 16 by 
electroplating. Thereafter, as illustrated in FIG. 10, leaving 
the barrier metal and Cu film (the first metal film) only in the 
gap corresponding to the opening 15b (FIG. 8), the other 
portions of the barrier metal and Cu film were removed and 
flattened by CMP to thereby form a first layer wiring 17a. 
0166 Subsequentially as illustrated in FIG. 11, an inter 
layer insulting film 18 was formed on the first layer wiring 
17a, and then similar to FIGS. 5 to 10, a Cuplug (the second 
metal film) 19 and TiN film 16a, which would connect 
between the first layer wiring 17a and the upper layer wiring 
formed later, was formed as illustrated in FIG. 12. 
0167 By repeating each of the aforementioned processes, 
a semiconductor device which had a multi-layered wiring 
structure containing the first layer wiring 17a, the second 
layer wiring 20 and the third layer wiring 21 on the silicon 
substrate 11, as illustrated in FIG. 13, was produced. Note 
that, in FIG. 13, the barrier metal layer formed as an under 
lying layer of each of wirings is not illustrated. 
0.168. In Example 9, the resist pattern 14 was a resist 
pattern formed with the resist composition Z prepared in 
Example 5, in accordance with immersion lithography. 
0169 Moreover, the interlayer insulating film 12 was a 
low dielectric film having a dielectric constant of 2.7 or less, 
such as a porous silicon film (CERAMATE NCS, manufac 
tured by JGC Catalysts and Chemicals Ltd., dielectric con 
stant of 2.25) and fluorocarbon film (dielectric constant of 
2.4) accumulated and formed by RFCVD (power: 400 W) 
using mixed gas of CFs and CH, or CFs gas as a Source. 
0170 All examples and conditional language recited 
herein are intended for pedagogical purposes to aid the reader 
in understanding the invention and the concepts contributed 
by the inventor to furthering the art, and are to be construed as 
being without limitation to Such specifically recited examples 
and conditions, nor does the organization of such examples in 
the specification related to a showing of the Superiority and 
inferiority of the invention. Although the embodiments of the 
present invention have been described in detail, it should be 
understood that the various changes, Substitutions, and alter 
ations could be made hereto without departing from the spirit 
and scope of the invention. 
0171 As has been described above, the resist composition 

is suitable for use in immersion lithography has high trans 
mittance against ArF excimer laser (193 nm), and is dissolved 
in 2.38% by mass TMAH solution that is a conventional resist 
developer. 
0172 Moreover, the resist composition is capable of form 
ing a fine resist pattern while Suppressing the elution of the 
contamination from the acid generator or the like of the resist 
film to the immersion medium, which is problematic at the 
time of immersion lithography and preventing the generating 
pollutions within the optical element and exposure device due 
to the elution of the contamination. 
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0173 By using the resist composition of the invention, 
highly precise exposure can be performed in accordance with 
immersion lithography and a fine and highly precise resist 
pattern can be simply and efficiently formed. Therefore, it is 
effective for miniaturization of wiring and increasing the 
laminated layers, along with developments related to the high 
integration and high performance of an electronic device Such 
as a semiconductor. 
0.174. The resist composition of the invention suppresses 
elution to the immersion medium without lowing perfor 
mance, and has high transmittance to ArF excimer laser, and 
thus is suitably used for a resist film for immersion lithogra 
phy. 
0.175. The method for forming a resist pattern of the inven 
tion is Suitably applied for the productions of functional parts 
Such as a mask pattern, reticle pattern, magnetic head, liquid 
crystal display (LCD), plasma display panel (PDP), and sur 
face acoustic wave filter (SAW filter), optical parts used for 
connecting optical wirings, fine parts Such as micro actuator, 
and an electronic device Such as a semiconductor device, and 
is Suitably used for the method for producing an electronic 
device of the invention 
0176 The method for producing an electronic device of 
the invention is suitable for production of an electronic device 
Such as various semiconductor devices including a flash 
memory DRAM, and FRAM. 
What is claimed is: 
1. A resist composition, comprising: 
a silicon compound having at least an alkyl-soluble group 

which may be substituted with a substituent; and 
a resin having an alkali-soluble group which may be Sub 

stituted with an acid labile group, 
wherein the resist composition is designed to be subjected 

to immersion lithography. 
2. The resist composition according to claim 1, wherein the 

alkali-soluble group of the silicon compound is at least one 
selected from the group consisting of a carbonic acid group, a 
silane group, and a silanol group. 

3. The resist composition according to claim 1, wherein the 
Substituent of the alkali-soluble group in the silicon com 
pound is a functional group which is detached from the alkali 
soluble group in the presence of acid. 

4. The resist composition according to claim 1, wherein the 
silicon compound is expressed by General Formula 1: 

General Formula 1 

(SiO42)a(R'SiO4)2)2(O2R). 

where, R' is at least one selected from the group consisting 
of a monovalent organic group, a hydrogen atom and a 
hydroxyl group, R is a monovalent organic group or a 
hydrogen atom, in which a plurality of the different 
groups and atom may be selected for each of R' and R' 
and at least one of R' and R contains an alkali-soluble 
group which may be substituted; t is an integer of 1 to 3. 
each of a, b, and c represents a presence ratio, which is 
expressed by a20, b20, c20, but a, b and c are not to be 
0 at the same time; and two or more different units may 
be present as (R',SiO2), 

5. The resist composition according to claim 1, wherein the 
resin has an alicyclic structure. 

6. The resist composition according to claim 1, wherein the 
alkali-soluble group in the resin contains at least one selected 
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from the group consisting of a hydroxyl group, a carboxyl 
group and a hexafluorocarbinol group. 

7. The resist composition according to claim 1, further 
comprising an acid generator. 

8. The resist composition according to claim 1, further 
comprising a resist solvent which is a solvent containing at 
least propylene glycol methyl ether acetate. 

9. The resist composition according to claim8, wherein the 
Solvent containing at least propylene glycol methyl ether 
acetate further contains ethyl lactate. 

10. The resist composition according to claim 9, wherein a 
composition ratio of the propylene glycol methyl ether 
acetate to the ethyl lactate is 70/30 to 99/1 on the mass percent 
basis. 

11. The resist composition according to claim 1, wherein 
exposure light for use in the immersion lithography is ArF 
excimer laser having a wavelength of 193 nm or F excimer 
laser having a wavelength of 157 nm. 

12. A method for forming a resist pattern, comprising: 
forming a resist film on a processing Surface using a resist 

composition; 
irradiating the resist film with exposure light in accordance 

with immersion lithography; and 
developing the exposed resist film So as to form a resist 

pattern, 
wherein the resist composition comprises: 
a silicon compound having at least an alkali-soluble group 
which may be substituted with a substituent; and 

Feb. 25, 2010 

a resin having an alkali-soluble group which may be Sub 
stituted with an acid labile group. 

13. The method for forming a resist pattern according to 
claim 12, wherein the developing is performed with an alkali 
developer. 

14. A method for producing an electronic device, compris 
1ng: 

forming a resist film on a processing Surface using a resist 
composition; 

irradiating the resist film with exposure light in accordance 
with immersion lithography; 

developing the exposed resist film So as to form a resist 
pattern; and 

etching the Surface using the resist pattern as a mask so as 
to form a pattern, 

wherein the resist composition comprises: 
a silicon compound having at least an alkali-soluble group 

which may be substituted with a substituent; and 
a resin having an alkali-soluble group which may be Sub 

stituted with an acid labile group. 
15. The method for producing an electronic device accord 

ing to claim 14, wherein the processing Surface is a surface of 
an interlayer insulating film having dielectric constant of 2.7 
or less. 

16. The method for producing an electronic device accord 
ing to claim 15, wherein the interlayer insulating film is a 
porous silicon film or a fluororesin film. 

c c c c c 


